Few topics in cardiovascular physiology have attracted as much attention as the mechanisms for autoregulatory contraction of arterioles and their control over blood flow.
Whether mechanotransduction via myogenic, flow-dependent shear stress, neurogenic or metabolic controls, the discussion has been focused on the contractile machinery within vascular smooth muscle cells.
In recent years, however, evidence has come to light suggesting that within a smooth muscle cell non-contractile cytoplasmic regions underneath the plasma membrane may also be part of the control over mechanotransduction. These cortical regions are accessible with nanoscale tools, such as the tips of an atomic force microscope (AFM).
Analysis with such tools has shown that the myogenic contraction requires an integrated extracellular matrix-adhesion-cytoskeletal signaling complex that depends on integrins for both outside-in and inside-out signaling (9) . Mechanical stress applied via integrins serves as an important sensory mechanism for vascular functions, including contractile and relaxation processes, proliferation, migration, attachment, and cell phenotype determination (5) . Smooth muscle contraction in response to a pharmacological stimulus can be accompanied by integrin reconfiguration of spindle-shaped smooth muscle cells in the wall of arterioles and may serve as a mechanism for remodeling (2) . From a mechanics point of view this serves to reset the vessel's reference state by rearrangement of its integrin receptor population. Smooth muscle shortening stiffens the viscoelastic properties of the non-contractile cortical compartment (8) , and so one is justified to ask what other control mechanisms may be present in the extracellular matrix-adhesion-cytoskeletal complex.
The report by Dr. Hong and colleagues, a group well versed with the use of AFM analysis on vascular smooth muscle (4) , brings to light a remarkable observation about the mechanics of this complex after stimulation of G-protein-coupled receptors (GPCR).
Using a cycle of oscillatory displacements of fibronectin-coated AFM tips, they are able to obtain during cell compression a measure for the local membrane-cortical stiffness and in the same cycle during tip retraction a measure for integrin membrane adhesion. A shift in cortical stiffness may be due to a number of events: rearrangement and crosslinking of the actin matrix, generation of actin bundles as seen in traditional actin stress fibers (7) , actin binding to the cytoplasmic domains of integrins (6) , possible interaction with cortical myosin, or by generation of new actin fibers. These possibilities remain to be elucidated. Of special significance is whether any of these cortical stiffening mechanisms will also enhance binding points towards activation of integrins, perhaps transfer integrins from a cytoplasmic pool into the membrane, or enhance the binding molecule density as seen at focal adhesion sites. Is it possible that the actin in the contractile compartment is mechanically coupled to the actin in the cortical compartment? If that is the case, mechanical stress during contraction may lead to a stretch of cortical actin, which in turn may serve to activate integrins via its attachment to its cytoplasmic domains.
A remarkable deviation from the tight coupling between cell stiffness and integrin adhesion is encountered when the membrane forms a tether (nanotube) during pulling with the AFM tip. Membrane tethers are observed in many cell types and can be depleted of cytoskeletal proteins (3, 10) . Such an event would uncouple the fibronectinintegrin-cytoskeletal complex and reduce the integrin adhesion strength to the point that it becomes independent of the stiffness of the cytoskeleton and independent of GPCR activity.
Equally interesting and a target for future studies is the question whether other GPCR (e.g. the endothelin and adrenergic receptors) or vasodilatory mechanisms (e.g. nitric oxide) may influence the smooth muscle cortical stiffness and integrin activation. Which by guest on November 7, 2016 Accepted Manuscript signaling pathways are involved and what makes them bi-directional? Is there one pathway for contraction and another for relaxation?
In a wider context, the question arises whether the mechanics of the matrix-adhesioncytoskeletal complex in other cell types can also be modulated by GPCRs. The cortex controls many cell functions (1) , such as mitosis, cytokinesis, cell shape, and exocytosis to name a few, and its properties require modulation by external signals. This control may well be coupled to the GPCR. Poking the cell cortex and pulling on it with an AFM tip is an effective approach to shed new light on the issue.
